Atmospheric methane is the second most important greenhouse gas with 25 times the radiative forcing of carbon dioxide. We will present results from an airborne campaign using a lidar at 1.65μm using optical parametric generation.
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Atmospheric methane (CH 4 ) is the second most important anthropogenic greenhouse gas with approximately 25 times the radiative forcing of carbon dioxide (CO2) per molecule. CH4 also contributes to pollution in the lower atmosphere through chemical reactions leading to ozone production. At Goddard Space Flight Center (GSFC) we have been developing the technology needed to remotely measure CH 4 from orbit, using lasers. Our concept for a CH 4 lidar is a nadir viewing instrument that uses the strong laser echoes from the Earth's surface to measure CH4. The instrument has a tunable, narrow-frequency light source and photon-sensitive detector to make continuous measurements from orbit, in sunlight and darkness, at all latitudes and can be relatively immune to errors introduced by scattering from clouds and aerosols. Our measurement technique uses Integrated Path Differential Absorption (IPDA), which measures the absorption of laser pulses by a trace gas when tuned to a wavelength coincident with an absorption line.
Methane Transmitter and Measurements
Methane has absorptions in the mid-infrared (3.3 μm) and the near infrared (1.65 μm). The 3.3 μm spectral region is ideal for planetary (Mars) methane monitoring, but it is not suitable for earth monitoring since the absorption lines are too strong and are severely interfered with by water vapor. The near infra-red overtones of Methane at 1.65 μm are relatively free of interference from other atmospheric species and are suitable for Earth observations. Our transmitter for the methane lidar uses optical parametric generation (OPG) to generate near infrared laser radiation at 1651 nm, coincident with a CH4 absorption. In an OPG, a photon from a high-power pump laser pulse is overlapped with a photon from a low-power seed laser in a nonlinear crystal and converted into two photons: signal and idler (Fig. 1) . The signal beam is the same wavelength as the seed laser, but the output power is significantly higher. The wavelength of the signal is rapidly tuned over the CH4 absorption by tuning the seed laser to sample the CH4 absorption line at several wavelengths. This approach uses the same IPDA technique we have used for our CO2 and O2 lidars [1, 2] . Using multiple wavelengths can also adequately sample instrumental and systematic errors and baseline structure that may affect the measurement precision. Using and optical parametric amplifiers (OPA) and an optical parametric Oscillator (OPO) we have already demonstrated ground-based and airborne CH4 detection [3] [4] [5] (Figure 2) .
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